Oxidation and protection of fiberglass-epoxy composite masts for photovoltaic arrays in the low Earth orbital environment by Brady, Joyce A. et al.
. '. 
NASA Technical Memorandum 100839 
/ 
Oxidation and Protection of Fiberglass-Epoxy 
Composite Masts for Photovoltaic Arrays in 
the Low Earth Orbital Environment 
{ IYISA-TU- 100839) O X I C A ' I I C I  AhE FEOIEC2;IOIY #88-30734 
C P  PI8BR62ASS-BEQIY C C B P O S I Y O  flAdlS PO% 
P B C T O T C L l l l C  ABhATS IY THE I@lr BlETEI OBBXTAL 
E Y V I B O Q B E B T  fI4ASl) 15 p C S C L  1 l B  Utrclas 
G3/27 0129SUO 
Sharon K. Rutledge 
Lewis Research Center 
Cleveland, Ohio 
Phillip E. Paulsen and Joyce A. Brady 
Cleveland State Univeme 
Cleveland, Ohio 
and 
Michael L. Ciancone 
Lewis Research Center 
Cleveland, Ohio 
I Prepared for the 
Spring Meeting of The Materials Research Society 
Reno, Nevada, April 5-9, 1988 
~ 
https://ntrs.nasa.gov/search.jsp?R=19880009350 2020-03-20T08:22:49+00:00Z
O X I D A T I O N  AND PROTECTION OF FIBERGLASS-EPOXY COMPOSITE MASTS FOR 
PHOTOVOLTAIC ARRAYS I N  THE LOW EARTH ORBITAL ENVIRONMENT 
SHARON K .  RUTLEDGE,* PHILLIP E.  PAULSEN,** JOYCE A. BRADY,** AND MICHAEL L .  
C I ANCON E * 
**Cleveland S t a t e  U n i v e r s i t y ,  E u c l i d  Ave. a t  24 th  S t . ,  C leveland,  OH 44115 
*NASA Lewis Research Center,  21000 Brookpark Rd., Cleveland,  OH 44135 










Fiberglass-epoxy composites have been considered for use as s t r u c t u r a l  
The low E a r t h  members fo r  the  mast o f  t h e  space s t a t i o n  s o l a r  a r r a y  pane l .  
o r b i t a l  environment i n  which space s t a t i o n  i s  to  opera te  i s  composed m a i n l y  o f  
atomic oxygen, which has been shown t o  cause e r o s i o n  of many o r g a n i c  m a t e r i a l s  
and some meta ls .  Ground based t e s t i n g  i n  a plasma asher was performed i n  
o r d e r  t o  determine t h e  e x t e n t  o f  deg rada t ion  o f  fi berglass-epoxy composites 
when exposed to  a s imu la ted  atomic oxygen environment.  
epoxy a t  the su r face  of t h e  composite was o x i d i z e d ,  exposing i n d i v i d u a l  g l a s s  
f i b e r s  which cou ld  e a s i l y  be removed. Several  methods of p r o t e c t i n g  the  com- 
p o s i t e  were  eva lua ted  i n  an atomic oxygen environment and w i t h  thermal c y c l t n g  
and f l e x i n g .  The p r o t e c t i o n  techniques eva lua ted  t o  da te  i n c l u d e  an aluminum 
b r a i d  cover ing,  an i n d i u m - t i n  e u t e c t i c ,  and a s i l i c o n e  based p a i n t .  The open 
aluminum b r a i d  o f f e r e d  1 i t t l e  p r o t e c t i o n  w h i l e  t h e  CV-1144 c o a t i n g  o f f e r e d  some 
i n i t i a l  p r o t e c t i o n  a g a i n s t  atomic oxygen. The In-Sn e u t e c t i c  c o a t i n g  p rov ided  
i n i t i a l  p r o t e c t i o n  a g a i n s t  atomic oxygen, b u t  appears to  develop cracks which 
a c c e l e r a t e  degradat ion by atomic oxygen when f l e x e d .  Coat ings such as the  
In-Sn e u t e c t i c  may p r o v i d e  adequate p r o t e c t i o n  by c o n t a i n i n g  the  g l a s s  f i b e r s  
even though mass loss s t i l l  occu rs .  
Dur ing  exposure, t h e  
INTRODUCTION 
One o f  t h e  major power components of t h e  space s t a t i o n  i s  t h e  pho tovo l -  
t a i c  power module C11. The s o l a r  a r r a y  assembly, which i s  one component o f  
t h e  module, con ta ins  (1)  a p a i r  o f  p o l y i m i d e  (Kaptono) s o l a r  a r r a y  b l a n k e t s  
which p r o v i d e  s t r u c t u r a l  suppor t  for t h e  s o l a r  c e l l s  and c i r c u i t r y ,  and (2 )  a 
mast t o  p r o v i d e  o n - o r b i t  deployment o f  the  s o l a r  a r r a y  b l a n k e t s  w h i l e  ma in ta in -  
i n g  b l a n k e t  s t r u c t u r a l  suppor t  and r i g i d i t y  when extended E l l .  The mast s t r u c -  
t u r a l  elements a re  f i be rg lass -epoxy  longerons which r u n  t h e  l e n g t h  o f  t h e  
s t r u c t u r e  and c o i l  i n t o  a c a n i s t e r  when the  mast i s  r e t r a c t e d .  A complete 
d e s c r i p t i o n  o f  the  mast and i t s  r e l a t i o n  t o  t h e  s o l a r  a r r a y  assembly i s  g i v e n  
i n  re fe rence  2. 
Since the  f i be rg lass -epoxy  mast w i l l  be exposed to  the  low E a r t h  o r b i t a l  
(LEO) environment; i t  must be r e s i s t a n t  t o  a t t a c k  by atomic oxygen which i s  
t h e  most predominant species from 180 t o  650 km a l t i t u d e  C31. The mechanism 
o f  degradat ion i s  b e l i e v e d  to  be the  b reak ing  o f  chemical bonds such as C-C 
through impact w i t h  e n e r g e t i c  (4 .2 to  4.6 eV) C51 atomic oxygen which w i l l  sub- 
sequent ly  a l l o w  t h e  su r face  to  be o x i d i z e d  C41. Many m a t e r i a l s ,  i n c l u d i n g  
epoxy, a re  s u s c e p t i b l e  t o  degrada t ion  by atomic oxygen [ S I .  I n  a d d i t i o n  t o  
atomic oxygen, t h e  mast as w e l l  as any p r o t e c t i o n  technique must be a b l e  t o  
s u r v i v e  o t h e r  environmental  hazards i n c l u d i n g  thermal c y c l i n g  C61, u l t r a v i o l e t  
r a d i a t i o n  C61, and impact from micrometeoro ids and d e b r i s  C71. 
This  paper discusses r e s u l t s  from a t e s t  program to  determine whether 
f i be rg lass -epoxy  longerons need to  be p r o t e c t e d  and how w e l l  some Candidate 
p r o t e c t i o n  techniques f u n c t i o n  i n  t h e  LEO environment.  
samples were f i r s t  dehydrated to  remove water  and absorbed gases t h a t  c o u l d  
i n t r o d u c e  e r r o r  i n t o  mass measurements. Samples were then exposed t o  atomic 
oxygen i n  an RF plasma asher fo l l owed  by thermal  c y c l i n g ,  f l e x i n g ,  and f u r t h e r  
atomic oxygen exposure. These t e s t s  were performed s e q u e n t i a l l y  i n  o r d e r  t o  
s imu la te  t h e  environment t h a t  t h e  space s t a t i o n  w i l l  exper ience. Thermal 
c y c l i n g  and f l e x i n g  fo l l owed  atomic oxygen exposure i n  o r d e r  t o  determine i f  
areas a f f e c t e d  by atomic oxygen would be more l i k e l y  to  f a i l  when b e i n g  thermal 
c y c l e d  or f l e x e d .  
o r d e r  t o  make any d e f e c t s  produced d u r i n g  thermal c y c l i n g  or f l e x i n g  more pro-  
nounced and t o  look for  s y n e r g i s t i c  e f f e c t s .  Samples were c h a r a c t e r i z e d  by  
mass measurements and scanning e l e c t r o n  microscopy. 
I n  t h i s  t e s t  program, 
The atomic oxygen exposure f o l l o w i n g  t h i s  was performed i n  
APPARATUS AND PROCEDURE 
Longerons, P r o t e c t i v e  Coat ings,  and P r o t e c t i v e  Cover ings 
The f i berg1 ass-epoxy longerons suppl i ed by AEC Abel Engineer ing t h a t  were 
used i n  these t e s t s  had r e c t a n g u l a r  cross s e c t i o n s  o f  0.64 by 0.74 cm w i t h  
rounded edges and l e n g t h s  of 12.7 cm. 
amine cured epoxy r e s i n  by weight ;  the remainder was composed o f  S-2 g l a s s  
f i b e r s .  
a b i l i t y  and t h e  u n i f o r m i t y  o f  the  o x i d a t i v e  mass l o s s  r a t e  between v a r i o u s  
d iameters and types o f  longerons. 
The longerons conta ined 19 t o  22 p e r c e n t  
The longeron s i z e  and t ype  s e l e c t e d  for  t e s t i n g  were based on a v a i l -  
Three types o f  candidate p r o t e c t i v e  cove r ings  or coa t lngs  have been evalu-  
a ted  f o r  p r o t e c t i o n  o f  t h e  f iberg lass-epoxy t o  da te .  These a r e  an open a lumi-  
num b r a i d ,  an In-Sn e u t e c t i c  c o a t i n g  ( p r i m e r / e l e c t r o l e s s  n i cke l / immers ion  
coated g o l d / i n d i u m - t i n  e u t e c t i c )  a p p l i e d  by  Composite O p t i c s  I n c . ,  and a s i l i -  
cone based p a i n t  (CV-1144) manufactured by McGhan Nusi 1 .  
Dehydra t i on  and Rehydrat ion 
The amount o f  
water absorbed depends g r e a t l y  on t h e  h u m i d i t y  o f  t h e  environment.  
s t r i c t  h u m i d i t y  c o n t r o l l e d  environment i s  n o t  mainta ined,  l a r g e  e r r o r s  i n  mea- 
sured mass l o s s  can occu r .  If a m a t e r i a l  can be f u l l y  dehydrated and then 
weighed, t h e  error due t o  water uptake can be e l  iminated.  I t  i s  n o t  a1 ways 
p o s s i b l e  t o  pe r fo rm i n - s i t u  mass measurements, however, so an accu ra te  determi-  
n a t i o n  of  the  t ime  needed t o  dehydrate a sample and a d e t e r m i n a t i o n  o f  t h e  r a t e  
a t  which i t  absorbs water upon removal from vacuum i s  needed. 
Many po lymer i c  m a t e r i a l s  absorb water from t h e  atmosphere. 
I f  a v e r y  
Dehydrat ion was performed i n  a vacuum r a n g i n g  from 30 to 70 pm o f  Hg. 
Samples were weighed a t  atmospher ic c o n d i t i o n s  b e f o r e  and a t  s e l e c t e d  i n t e r v a l s  
a f t e r  be ing  p laced i n  vacuum, then r e t u r n e d  t o  vacuum w i t h i n  3 min t o  min imize 
t h e  t ime  they  w e r e  exposed to  the  atmosphere. 
v a r i e d  depending on t h e  longeron p r o t e c t i o n  technique.  The percentage o f  mass 
l o s t  versus t i m e  for p r o t e c t e d  and unpro tec ted  longerons i s  shown i n  f i g u r e  1 .  
T y p i c a l l y ,  5 days i n  vacuum i s  needed for unpro tec ted  f i be rg lass -epoxy  to  reach 
e q u i l i b r i u m .  The r a t e  of r e h y d r a t i o n  was eva lua ted  by m o n i t o r i n g  t h e  mass o f  
m c ’ s t u r e  uptake i n  f u l l y  dehydrated samples which were exposed t o  atmospher ic 
The t i m e  to  reach e q u i l i b r i u m  
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pressure i n  an environment w i t h  h u m i d i t i e s  r a n g i n g  from 20 to  70 pe rcen t .  
A f t e r  severa l  days o f  atmospher ic exposure, t h e  mass g a i n  due t o  r e h y d r a t i o n  i s  
dependent upon the  h u m i d i t y  of t h e  environment,  w h i l e  t h e  mass g a i n  for  s h o r t  
( l e s s  than or equal t o  3 min) exposures i s  n e a r l y  f i x e d .  I f  a sample can be 
removed r a p i d l y  from vacuum and weighed e a r l y  enough to  min imize t h e  e f f e c t s  o f  
humid i t y ,  then an accu ra te  mass measurement can be made. T y p i c a l l y ,  5 min was 
found t o  be a reasonable l i m i t  t o  t h e  t i m e  t h a t  t h e  samples cou ld  be exposed a t  
atmospher ic pressure.  
Atomic Oxygen Durabi  11 t y  T e s t i n g  
Atomic oxygen d u r a b i l i t y  t e s t i n g  was performed i n  an RF (13.56 MHz) a i r  
plasma asher (SPI Plasma Prep 11). Samples were exposed d i r e c t l y  i n  t h e  plasma 
w i t h  t y p i c a l  pressures o f  50 t o  120 pm. The plasma i n  t h e  asher c o n t a i n s  atom- 
i c  oxygen and n i t r o g e n  i n  v a r i o u s  energy s t a t e s  and l e v e l s  o f  i o n i z a t i o n .  Even 
though t h e r e  i s  m a i n l y  n i t r o g e n  i n  the  plasma, t h e  r e a c t i n g  specie appears t o  
be atomic oxygen C8 . T y p i c a l  e f f e c t i v e  f l u x e s  o f  atomic oxygen based on ero- 
s i o n  y i e l d s  ( ~ x I O - ~ ~  cm3/atom) o f  p o l y i m i d e  KaptonO from i n  space t e s t s  were 
approx ima te l y  3 ~ 1 0 ’ ~  atoms/(cm2 sec) d u r i n g  exposure o f  t h e  f i be rg lass -epoxy .  
A l though the  f l u x  i s  h i g h e r  and the  energy i s  lower  ( a  few t e n t h s  o f  an eV)  i n  
ashers than i n  LEO, exposure i n  an asher can p r o v i d e  a good q u a l i t a t i v e  i n d i c a -  
t i o n  o f  m a t e r i a l  s u r v i v a b i l i t y  i n  LEO. Those m a t e r i a l s  which s u r v i v e  i n  an 
asher appear t o  s u r v i v e  i n  LEO, and those t h a t  f a i l  i n  an asher have a l s o  
f a i l e d  i n  LEO. 
Thermal Cycl i ng  
thermal expansion mismatch between the  p r o t e c t i v e  c o a t i n g s  or cover ings and t h e  
f i be rg lass -epoxy  would p l a y  any r o l e  i n  the  a b i l i t y  of t h e  p r o t e c t i v e  l a y e r  t o  
adhere t o  the  s u b s t r a t e .  Thermal c y c l  i ng was performed a t  atmospheri c pressure 
by c y c l i n g  samples between a n i t r o g e n  gas f i l l e d  chamber heated w i t h  c o i l s  and 
a chamber f i l l e d  w i t h  c o l d  n i t r o g e n  gas. Samples were  t r a n s f e r r e d  between t h e  
two chambers u s i n g  a l e v e r  arm assembly t h a t  was t r i g g e r e d  by a thermocouple 
mounted on t h e  sample t r a y .  For these t e s t s ,  t h e  thermocouple was p laced  
i n s i d e  one of  t h e  longerons by d r i l l i n g  a h o l e  down t h e  c e n t e r  of  t h e  longeron 
t h a t  was j u s t  l a r g e  enough f o r  t h e  thermocouple w i r e  to  e n t e r .  Samples were 
moved from one chamber t o  t h e  n e x t  when the  temperature a t  t he  c e n t e r  o f  t h e  
longeron reached e i t h e r  +80 or -80 O C .  Each longeron was thermal c y c l e d  a 
t o t a l  o f  413 c y c l e s  and spent an average of  4 min i n  each chamber. 
Thermal c y c l i n g  was performed on the  longerons i n  o r d e r  t o  determine i f  
F lexu re  T e s t i n g  
F lexu re  t e s t i n g  was performed i n  o r d e r  t o  s i m u l a t e  t h e  ex tens ion  and 
r e t r a c t i o n  of t h e  mast f r o m  t h e  mast c a n i s t e r .  Dur ing  s torage,  t h e  longerons 
a r e  c o i l e d  i n t o  a c a n i s t e r  whose t y p i c a l  d iameter  i s  66 cm. Longeron samples, 
b o t h  p r o t e c t e d  and unpro tec ted ,  were f l e x e d  and then s t r a i g h t e n e d  w i t h  the  a i d  
o f  a c lamping f i x t u r e  to  t h e  r a d i u s  of  c u r v a t u r e  t h e y  would exper ience i n  t h e  
c a n i s t e r  f o r  a t o t a l  of  100 c y c l e s .  This  corresponds t o  a su r face  s t r a i n  per  
c y c l e  of 0 t o  app rox ima te l y  1 p e r c e n t .  The mast e x t e n s i o n  and r e t r a c t i o n  may 
occu r  o n l y  10 t o  20 t imes d u r i n g  the  l i f e  o f  t h e  space s t a t i o n ,  so t h i s  i s  a 
more severe t e s t  o f  t he  mast f l e x u r a l  d u r a b i l i t y .  
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RESULTS AND DISCUSSION 
D u r a b i l i t y  T e s t i n g  o f  Unprotected Fiberglass-Epoxy 
Unprotected longerons were exposed to  atomic oxygen i n  a plasma asher for  
1747 h r .  F i g u r e  2 d i s p l a y s  t h e  mass loss versus plasma exposure t ime  for  two 
longerons which were exposed i n  t h e  asher chamber s imu l taneous ly  b u t  a t  d i f f e r -  
e n t  s p a t i a l  l o c a t i o n s .  A sample o f  p o l y i m i d e  KaptonO was i n c l u d e d  for  compari- 
son. The longeron d a t a  agree w e l l  w i t h  each o t h e r  and w i t h  o t h e r  longeron mass 
loss data.  I t  was i n i t i a l l y  b e l i e v e d  t h a t  s ince  the  o x i d a t i o n  r a t e  o f  g l a s s  i s  
v e r y  low, w h i l e  t h a t  o f  epoxy i s  r e l a t i v e l y  h i g h  as observed on STS-8 [SI, t h a t  
t h e  o u t e r  l a y e r  o f  epoxy would be removed b u t  t he  u n d e r l y i n g  f i b e r s  would pro-  
v i d e  a b a r r i e r  t o  f u r t h q r  o x i d a t i o n  by p r e v e n t i n g  l i n e - o f - s i t e  o x i d a t i o n  o f  
the  rema in ing  epoxy. The r e s u l t s  seem t o  i n d i c a t e  t h a t  epoxy con t inues  t o  be 
removed a t  a cons tan t  r a t e  even a f t e r  t h e  o u t e r  surface o f  epoxy i s  no longer  
p resen t .  The change i n  mass loss r a t e  t h a t  occurs a t  app rox ima te l y  200 h r  for 
these samples ( f i g u r e  2) i s  unique t o  t h e  f iberg lass-epoxy longerons. The 
KaptonO loss r a t e  remained cons tan t  d u r i n g  t h i s  t ime, which i n d i c a t e s  t h a t  t h e  
change i n  mass loss r a t e  i s  n o t  due to  any changes i n  t h e  plasma c o n d i t i o n s .  
I t  i s  p robab le  t h a t  s ince  t h e  o u t e r  surface of t h e  longeron i s  i n i t i a l l y  com- 
p l e t e l y  covered by epoxy, t h i s  l a y e r  i s  removed a t  a h i g h e r  i n i t i a l  r a t e  
because t h e r e  i s  no s h i e l d i n g  by t h e  g l a s s  f i b e r s .  Once t h e  f i b e r s  a re  
exposed, t h e  r a t e  d e c l i n e s  to  a new cons tan t  which i s  r e l a t e d  t o  t h e  r e s i n  
f i l l  percentage. Assuming t h a t  a f t e r  200 h r  t h e  f iberg lass-epoxy r a t i o  f o r  
these samples i s  equal t o  t h e  f i l l  percentage a t  t h e  su r face  and t h e  f i b e r -  
g lass  does n o t  lose mass, t he  c a l c u l a t e d  r a t e  of epoxy removal a f t e r  200 h r  
n e a r l y  matches the  i n i t i a l  epoxy loss r a t e .  This  s t r o n g l y  suggests t h a t  t he  
change i n  s lope i s  due t o  a change i n  t h e  amount of epoxy exposed and n o t  t h e  
o x i d a t i o n  r a t e .  Perhaps the  most a la rm ing  r e s u l t  i s  t h a t  t h e  f i b e r g l a s s  does 
n o t  a f f o r d  any atomic oxygen s h i e l d i n g  of t h e  deep, v i s u a l l y  hidden, under- 
l y i n g  epoxy. 
Over the space s t a t i o n  a r r a y  l i f e t i m e  of 15 years,  which corresponds t o  
approx ima te l y  390 h r  of exposure i n  the  asher plasma, the  mass t h a t  i s  l os t  i s  
n o t  l a r g e  enough to cause a s i g n i f i c a n t  change i n  the  t e n s i l e  modulus o f  t h e  
f i be rg lass -epoxy  [ 2 1 .  
sure which corresponds 2 t o  8 years i n  space s t a t i o n  o r b i t ,  i n d i v i d u a l  g l a s s  
f i b e r s  a r e  a l r e a d y  be ing  exposed ( f i g u r e  3). 
and can break off due to  f l e x u r e .  Th is  may lead  to con tamina t ion  problems f o r  
space s t a t i o n  components and cou ld  cause d i f f i c u l t y  i n  mast r e t r a c t i o n  i f  t h e  
f r i a b l e ,  loose g lass  f i b e r s  g e t  i n t o  t h e  r o l l e r s  or t r a c k  and c r e a t e  f r i c t i o n  
i n  the  ex tens ion ,  and r e t r a c t i o n  mechanism. F i g u r e  4 shows a f i b e r g l a s s  epoxy 
longeron t h a t  was unexposed and one t h a t  was exposed fo r  1747 h r .  Th is  i l l u s -  
t r a t e s  t h e  e x t e n t  o f  epoxy removal and f i b e r  exposure t h a t  can occu r .  The 
e x t e n t  o f  f i b e r  removal i s  s e r i o u s  enough t h a t  t he  a p p l i c a t i o n  o f  some p ro tec -  
t i v e  c o v e r i n g  or c o a t i n g  t o  t h e  f i be rg lass -epoxy  i s  needed t o  keep the  f i b e r s  
from l e a v i n g  t h e  su r face .  The p r o t e c t i o n  r e q u i r e d  must a l s o  be ab le  t o  sur-  
v i v e  t h e  su r face  s t r a i n  l e v e l s  ( E  = 1 p e r c e n t )  exper ienced by t h e  r e t r a c t e d  
1 ongeron . 
However, a f t e r  o n l y  50 t o  200 h r  o f  asher plasma expo- 
These f i b e r s  a re  v e r y  b r i t t l e  
D u r a b i l i t y  T e s t i n g  o f  P r o t e c t e d  Fiberglass-Epoxy 
i 
Three p r o t e c t i v e  coa t ings  or cove r ings  were eva lua ted  fo r  f i b e r g l a s s -  
epoxy longerons.  A l l  p r o t e c t e d  samples were exposed t o  atomic oxygen i n  the  
4 
asher plasma fo r  100 h r  t o  determine t h e  d u r a b i l i t y  o f  t h e  p r o t e c t e d  longe- 
rons  t o  atomic oxygen. The r e s u l t s  o f  t h i s  exposure a r e  shown I n  f i g u r e  5 .  
Although an open aluminum b r a i d  p rov ides  some i n i t i a l  p r o t e c t i o n  t o  t h e  
f i be rg lass -epoxy ,  i t  begins t o  l o s e  mass a t  t h e  same r a t e  as t h e  unpro tec ted  
sample a f t e r  app rox ima te l y  24 h r  i n  the  plasma. The CV-1144 s i l i c o n e  p a i n t  
p r o v i d e d  good i n i t i a l  p r o t e c t i o n  t o  t h e  f iberg lass-epoxy longeron.  A f t e r  
100 h r ,  however, t h e r e  appeared t o  be areas i n  t h e  p a i n t e d  s u r f a c e  where the  
p a i n t  had been removed and i n d i v i d u a l  f i b e r s  were beg inn ing  to become v i s i b l e .  
The In-Sn e u t e c t i c  c o a t i n g  appeared to  p r o v i d e  t h e  b e s t  i n i t i a l  p r o t e c t i o n  to 
the  longeron fo r  the  c o a t i n g s  and cover ings eva lua ted  t o  date.  
A f t e r  atomic oxygen exposure, t he  In-Sn e u t e c t i c  coated longeron and the  
unpro tec ted  longeron w e r e  thermal cyc led  and f l exed .  The same t e s t i n g  w i l l  be 
performed w i t h  the  A1 b r a i d  and CV-1144 coated longerons a t  a l a t e r  date.  Mass 
loss versus atomic oxygen exposure t ime a f t e r  thermal c y c l i n g ,  f l e x i n g  f o r  t h e  
unprotected,  and In-Sn e u t e c t i c  p r o t e c t e d  longerons i s  g i v e n  i n  f i g u r e  6. The 
unpro tec ted  sample l o s t  mass a t  app rox ima te l y  t h e  same r a t e  as d iscussed p r e v i -  
o u s l y ,  w h i l e  t h e  In-Sn e u t e c t i c  coated f i be rg lass -epoxy  mass 1,oss increased 
a f t e r  approx imate ly  150 t o t a l  hours o f  plasma exposure. P r e l i h i n a r y  r e s u l t s  
i n d i c a t e  t h a t  f l e x i n g  o f  t h e  In-Sn e u t e c t i c  coated longeron may produce cracks 
i n  t h e  c o a t i n g  which cou ld  a l l o w  exposure of t h e  u n d e r l y i n g  su r face  to  atomic 
oxygen. Even though some mass loss occurs,  t he  c o a t i n g  appears t o  be i n t a c t  
on the  sur face and no i n d i v i d u a l  f i b e r s  w e r e  v i s i b l e  a f t e r  200 h r  t o t a l  of 
plasma exposure. 
CONCLUSIONS 
Fiberglass-epoxy longerons undergo mass loss upon exposure to  atomic 
oxygen. Even though t h e  mass loss i s  n o t  s i g n i f i c a n t  o v e r  t h e  l i f e  o f  space 
s t a t i o n  from a s t r u c t u r a l  s tandpo in t ,  t h e  removal o f  epoxy to  expose b r i t t l e  
g l a s s  f i b e r s  which can break o f f  d u r i n g  h a n d l i n g  or e x t e n s i o n  and r e t r a c t i o n  
o f  the  mast cou ld  be a s i g n i f i c a n t  concern.  Of t h e  t h r e e  p r o t e c t i v e  coa t ings  
or cover ings evaluated,  open aluminum b r a i d  p rov ides  l i t t l e  p r o t e c t i o n ,  CV-1144 
s i l i c o n e  p a i n t  of fers some i n i t i a l  p r o t e c t i o n  a g a i n s t  atomic oxygen, and the  
In-Sn e u t e c t i c  c o a t i n g  p rov ides  i n i t i a l  p r o t e c t i o n  a g a i n s t  a tomic oxygen, hut 
appears t o  develop cracks which a c c e l e r a t e  deg rada t ion  by atomic oxygen when 
f 1 exed. 
P r o v i d i n g  a c o a t i n g  which can c o n t a i n  t h e  f i b e r g l a s s  f i b e r s  may be more 
i m p o r t a n t  than p r e v e n t i n g  mass loss for t h i s  composi te.  
v i v e  atomic oxygen exposure, thermal c y c l i n g ,  and f l e x i n g  t o  t h e  e x t e n t  t h a t  
an adherent l a y e r  i s  ma in ta ined  ove r  t h e  longeron which p reven ts  f i b e r g l a s s  
f i b e r s  f rom b reak ing  o f f ,  i t  may be adequate. I t  appears t h a t  t h e  In-Sn eutec- 
t i c  and p o s s i b l y  the  CV-1144 s i l i c o n e  may p r o v i d e  t h i s  t ype  o f  p r o t e c t i o n .  
More t e s t i n g  needs to  be performed i n  o r d e r  t o  determlne i f  c o a t i n g s  o f  t h e  
t ype  eva lua ted  here can w i t h s t a n d  UV degradat ion,  micrometeoro id exposure, and 
an atomic oxygen exposure e q u i v a l e n t  t o  15 years i n  LEO. 
I f  a c o a t i n g  can sur-  
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